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(54) NEGATIVE ELECTRODE MATERIAL FOR NONAQUEOUS ELECTROLYTE SECONDARY BATTERY, 
AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a negative electrode and a 
negative electrode material for a nonaqueous electrolyte 
secondary battery, having high discharge capacity and an excellent 
cycle life. 

SOLUTION: A negative electrode is manufactured using a material 
which comprises alloy particles having 0.1-50 jam of average 
particle size and containing an Si phase particle 40, and a solid 
solution or an intermetallic compound phase (for example, NiSi2 
phase 41), for surrounding the particle 40, of Si and other element 
selected from the group comprising 2A group elements, transition 
elements, 3B group elements and 4B group elements in the 
periodic table, and in which a content of the Si phase particles 40 
is 5-99 wt.%. The alloy particle is prepared by quenching-solidifying 
(for example, atomizing, roll-quenching) a fusion containing Si and 
other element, or by conducting heat-treatment after other 
element is deposited on Si powder by electrodeless plating or 
mechanical alloying. A negative electrode material excellent in 
discharge capacity and a cycle life is provided in the case of the 
quenching-solidification without heat-treatment 
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(54) #*mmK=^mmi&w*imt*:aw&im 



(57) [©ft] 

ft. ^N7jcS»?S-^^^CD^*5i:D c ft®^=SrS«T 

[ usifc^a ] sitftt4o£ . c ft&4>& < £ ^su^-ww: 
tsars. &mmmmM3i<D2 Am^m. s^teju. 3 

©TC5£<fcSi£©@;jg#Xtt:^P<a{t^WB (01. NiSi I 
ffl4l) &*£t». V^ttS 0.1- 50m m<D&££&-& 6 
ft 0 . sitBft# 5 ~99wt% * Aft eJMftfM 

5. 




(2) 

1 

immmi] i *fc«2y±©stfit44. cosm®. 

mfcliu SOumJWT-C&D. ©SWN-©5 wt%£Lk, 99 

[i»3R^2] si^trB^ftXJi^illBHb^a*. Si 
4. £ja*!39£lJtl]&© 2 A«ot*. MfeTtm, 3BJ£tg 10 

4>ft<4& im<D7tmtfrt>mi&2tiz>, m^mitm 

[I»S?II3] 1 £fc«:2fcU:©SitSfa4, C©Si*B*4 

ii^s&ffift&ttft©!^;^-?*-? r , 

&4>ft < 4 tau^wccaaH-j-ssidWBMiftXB&imB 20 

& 

[13*354] ^&tlfcsi3ttll*ttXf2&jRIIIHte 
ttt4©§Si£:frffi. 

[1»*«5] 100 X;/V£Lh«!>adtCCNMU>. T h 

[i**JS6] 1 *fc»2fcU:©SitBt44, COSitBfi 
£4>ft< 4fcgp#ftttSB*Ssi^WH&f*X«£MilB 

ftx«#jKrafb^a©Htistasj: *) io-c«±®c»iafl[ 40 
fb^awcSEfbSttsie. *dtrci«w«4ra. # 

;UT P -f > ^ft&C «fc 0 m>n* . mem 6 EttO&ttl 

[M3&B8] il^tiittgttW 5 wt^JiLh, 99wt 
««T©Sltatt*$*. ^tt-T-OWttffijWo.l Mm 
fcLL. 50MmJWT-C*-S. fl*S3ftl.>U7(DMn3&>tC 
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[M«Q(9] Sl*dtfH*ttXJ33feWBIfb^«»3S«. Si 
gJl«8MiS«Ba©2ASOT^. a&7c3R. 3 BUSot 
SS. ttcncsi*Mt< 4B&7c5RJ:!3ftSSa>&3«ftfc 
5>ft<4fcl«©5cJR4*>6«lfiRSh*. HW013ft«,» 
L 8 ©fSHl*{cia«©*7jc«»«^««6fflfiSM»© 

[1*#JI10 3 si*«Xttsiffi**«r**cD»5|5*ft 

C©t9*JgK, si4B8ttX«&IRIWb^«ttM!trS 

ib^j©B*naas«fc o io-c«±fic»ss-c»Ms*is 

ur. ttjt9*«. si*^tfH«*X«^Siaifb^»K: 
»bS#4C4*«F«4-r5. 2McWH*z3c«ttfl!ft 

fe©i?ii^ffio 

1 1 ] Si*£tfffl8ttX«£ISW{b£«ja*. 

si<t. g>mwm®wi3k(D2 Amftm* m&ytm, 3B& 

7c5R. &Wcsi£|&< 4Bj^^<£9ft£g¥*>6iI}ift 
fc^ft < i fc 1 «©5E*4a>6*l*3tt*. ttSgldB 

«*»J:Vttia-i-*C4*«-C**iE«4ft«*«itfc** 

t n«qi i 3 3 t , v?oa & ajamtcs 

&nwfi$n$m 3 ft <,> 0 g ©{sjti^«:a4g©*ffiK «t 0 
M3*ifcft«m**#T4*«r*sa\ Xtti*# 
micmb < ttufse©*£fc«:«fc»JSBi3tifcSffi-C*5 

[1*489 1 4 ] Sftffi**. tt*»m«:*f 5 vrt% 

«±. 8o»»t«aT©iwtw*d*r*. i**si2X« 

[ 1**35 1 5 3 kjes* s * 9 A$«99^iRf b^w 
=&fsia»4-r3t.©t?*'3 > a^TksMw^y^^Att 

IS*Si2 ft l» 0 i4©{5J*a*> CCGtB©#*KJ!m - 
tt. 

[«W©P«BftSlW3 
[000 1 ] 

[«IH©JI|-r-5^i^»3 Li^©TJU*>;3fe 
**W»«^«6ffl©«5|5K©ft«tm 4 . c ©ss 

A:ft«©«ia*a. ft 6 mc c ofiwxmzwm 

[0 0 0 2 3 ftte. *«WCi,>9IMc«»Kr^:«* 



3 

[000 3] 

m^mwmomM ■ s-^«ig©#£. 

a. 

[ooo4] m&<D-mbtmimMn-xtm-c®., 

-C#fcUfc«>. §«©JI§&B<J®:*:ffi&*372 mAh/q # 

ji ? o &<Dm-&<Dfo i /i«cag"r. &B©ft±K:i® 

[0 00 5] ft&»&<fcbT^fi^3ttfc£)ii'./^ 

[0006] m^mitzmztcit). ^mmit^xm^ 
»aicf*5<*s^bK«fc»5fiin^G. «BMtrs. * 

©1M ;b*ijity <t ^SKKSM^ffiT t . d- J f >i>mifr 
#*st,>fc©tc&-5. 

[0007] c<mmmuz.&z&mm*<Dmmt*w 

<*4iTi>-5 (#&8¥3 -280363#&#R) . £S# 

[0 00 8] */c. mim j Pttl®3mffl1t-£®)<D&*M 

7 - 240201*1. |BJ9 -63651 -5f&£3fii?) . Wl*>*£ 
ft JSillli*** -5 ©T?tiftrt> o /c. 
[0 009] MtC. S«©^*m»?M^m?l!lffiftgM 

m^ow^m^®^©^**^-^. -e© 
w^»-e©i?j§^ffi©Mig«&*^fc„ 

[0010] 

tmti/tm» fcJi^©5Efi • ^sfijoj a # < . L/* j 

W5:ti«-r s c <t * gffa t -r s . 
[ooi i ] ^mwmmmmz. cconmnn^tt 
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[0012] 

[ggjg£B?j*-r £/<:«>©#©] s/'ja^csot*. ui© 

&JMMI:6«I (Li,, Si, ©£l££iI0T. Li?rPl3! 

m©ftSWi4{cfflL>fc«^©si©^m • titwg-mu, 

ai&WtC«^4020 mAh/q (9800 raAh/cc : itfi2.33) i 
££^#©S§&tfJft*Sfi© 372 mAh/q (844 mAh/cc : Jt 

io S2.27il/r) «fc«D^tc^#<. &ll!jy-»?A«MH& 

W^SS3900 mAh/q (2100 mAh/cc : itfiO.53) tit 

*7c0©«^©§fitt^*>K:^:^(,> o fi^r. siW*& 

[00 13] LfrL. Sifrhteznmtftti. A1©t§-£ 

drawee. Li©®ua -imicfti&gmtK.x&mm 

fcr Z&fr&c tig v& t ^i-^c 3 tltcC i *J^co„ 

20 [0014] *^BJ^6«. Si*^%5fiffi^CD^f-5 

m±immtLxtkUbtcm^ s\m&<Dmw*. si^ 
^tfHigftxa^fa^b^wta-caiarsi. u©© 

^^fllffl<b^lffl©ffiJ**i^< «fc siffl^/h? 

30 

[0015] *^{c J: *) . 1 2«±©sifH4 
i. C©SitBKt*ii>/i:< ife^WK'SHT.SSi^Wffl 
?§f*X«^MF^-(t^«J©tl <t £^A,-CC> 5££&^#> P. 

•fOf^Woi um&.±. 50amfe{r-C*0. *fi8 
Wf4©5wt%ti±, SSwt^^T^Si^A^iSDi. 2M< 

[0016] c©^li-?-K:*si,>rsitB&>&'affi-r€) 

40 mHSI©2 AI^tc^. jB^TC^, 3BBotIS. 46WCSi 

4 Bi^^cfc o i&5Sf*>e>jiwn/c^^< ±t> 1 

a©7C^<!:*^^fiSc-rSC <t*5"C#*. 
[0017] ±C<0**«IWr^Wt*fflft«sm«4. 

[0018] -o©^*, G&m-znmr&sm 

< t h 1 «©tcI^) ©SH)l«5%«HaK**ioo -C/#« 
iife-SiStC^bTiBaStf-T. Sitgf5<hCla?:ii> 
fe< <b4>SP^{c-aii-r*Si^WS^3l«^RP^b^ 



(4) 

S 

J: «3 ^£l*J&C£ D/cM#£l&£ t h C <t#gft-C& 0 . 
jtfioo •C/»«±4«c**BfllieM&*P«. 7 hv-fX 

[0019] SWDSitrfrffitt. siftKXttsiffl*2rtf^ 

l/ffc»5frfc, &H?Sf*Xtt£IS5IHHb£«J©H 

*m*sid«H«ftxi**«nB{b^«(c»fcs*4i« 

-f> Affile «fc 13 ff 5 C i # "C # 5 . 

[0020] ±K©fiF*i©Wt*tt{c*Jl»-C*>. 
fc&^t&^tt. ^LT5vrt5««±. 99wt%WT©Si+B 
ftSrS^. ^TCd^tlJJio.i nmUt, 50Mm 
JWTf&SCt^WaLU. 20 

[002 1 ] *«KKJ:tltf. #*«flOtn%WMMI 
«©«*#ttfc««S*i*. c©*SB. s-i^JUXttsi 
fKdtr *sfe©»**ft««SLh«c##S * Tf£««Lh 

t»-ci«aa**xtt*»[nB{b^iii©H*B««jt j: o io*c 

[0 0 2 2] #|fcHJ«3:fc, 'Jf^A* 
«|itft:#*WWftz:3C«»K:*»t>-C. ttftSftkia©* 

«m**fWS:ft*r*sa\ *fc(*i:E©lMBtt4 
©Wtt&ffirKa s n fcn wt««*«r s Jtg-ca s 
*>. */c BJJB©fia©8tt#&-cai£ s n/egffi-c * 

[002 3] COtll*. ±iB:ftgtt*4fc*f L-C 5wt% 

*?* t, < . *tKs^»« y 9-0 AS*ssi^t^t 

trfMM^K*;feLfc**iWff*U». 40 
[0024] 

[jMOJWOjgtt] feTFtC. *?Hg(C<l-5ftSt*l4i 
-&©«iS*S. *«fctfC©ft«*W* 

s. 

[0025] »«ro 

#*MH(C«RSftWsmtt. 3T©l*fc«2feLh©SitB 
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^IWb£«i©H£*re*orfcJ:<. 3 6(Cffe©fl 
4$WLTt>r*>J:(,>. 

[0 02 6] 37©Si*Btttt. *«SWre*-?-C. £ 

■mfl&w cw. Li^siofcj&sTscttcjro. 

$A£lija!WKfb£-JWrr4C£*J'C*a. IP*. 3t 
«B$«CttLi i{b-^1" ■& C <t -CLi45Kjg 0. ft«B$K:ttLi 

4^i8t-r4ct-cLi4&i±j-rs. siffitttt. sita*ivh 

[0 027] SHM-C*5si#WHjgft3?.(i#ISrafb^ 
flKDtHtt. Li©«a-tttfMC#5s1«©<*flBWb4»J|! 
Lt. *©«h£*«Wb*JI|WWU ir-ffJWWtfllJ: 

ns. bp*. shw«, Li-Y*>©aa*nsifi<jK:sstf 

[0 028] t3ffl©BWtt. ft«SMrt?*4Siffltt© 

4&. c©BW«tJ«-r4ci«i-c*a(r». c©inji8i4 

B5±-r SHtt«. Siffi£©IBI»**H*»ttH3 
nfcSi7c^*>6.©Si©t£fX-C0R£-C^4. Si4£ : f-f-2> 

[0 02 9] -aSttti. arOSiffiK^SS^tcaHOfc 
©HiS-bUl/i*. 

[0030] coftsst^ftwrn^ateR-i-sfl*©* 

4^-CU-Cfc«fcl>. #— ©Sifflia*Stf*B^ 

C<D#— OSi«tt©JHH#aHWCd>ac<4t» 

#&^-c«. sita&^'aatt©^ h y » * x+tctJtfcL- 
iHr») a»— «wc*sa». ±ta©*-©sitB&4^tf^- 

^ai^©fc"5IfigT*S. — O09»SM*4©*-C. C© 

[0 0 3 1 ] £^T-"*J©SifBfi©¥«3fi&«. O.Olu 
mW±. 40Mm«T-C*SCi*sff^L<. <fc*)»4L- 
<i21tim£U:. 35Mmfe(T-C*S. =i7©Sita*i[©^ 



7 

fyftmUOiim&miLZt. ±ISO}6im* i S&#CC< < ft 
St«i;#s<fcS_h. &£&*(D¥-i£3®.m&50u mfc*!** 
Ci«t). Si©e&f&{b£lJ--1' * JWMKD«{b*l»±r 

s c <t «ssn t ft & . sifflttoTasttaw o=oiu m*^ 

<. %SK>*strt**>b<%$. ft**. ^Att^aWiR 
©sifctt&oMrtteK..*. si*B&©¥^&W*f £ b < 

[0 032] ^^^©^iSltfc&Bo .1 Mm£Lh. 50/i 

La>¥*M4Stt 1 nmHJ:, 40ymfetT. 

[0 033] SitaSis «fcO t -^#©^©l,>Tn{C-5^-C 
*>. ^tf7U-> C»t) ©JC^K^M 

mmow-tsjmz t s. c -5 u-cjfcswt^i&^D&a© 
[0034] sita^©ma«. ^^.«^m^ss^^ 

(SEM) KofcDa'JJe-rSC ^&^-©if4 

gcco^r«s?i©a'J^#!Bjffir&-s. mi*, u- 

©#££SUBL//c. 
[0035] %WtiW<T>5 ~99wt%*SitBtft*S^2*S. 

sio t**aw«:si^H?s<*x«^ara^^©tB*«rS 

t&fiSSftS) C La>#. Mfittl&tc*(st,.jUg 

m*ftvti «" . si^wb ft t=>sr 3 ©raPdaifrWK: 
mttvwzw'^z < ft •? «ar . ±f2^m*5a*{c < < * 

•So S1tll©Jt*W5wt**.#Ctt. tfi^il-Cgl 
*i/J\?<^c»3-r^S. Sif|©tb3Hi. »SL<«8wt% 
fcLh. 95wt%WT. J; W*L< tilOwtfSfeU:. 50wt% 

[0036] M^LfcJ: -5 (C, 'S»M©|#Bti. 37© 

*<fc <3 ft s 6 m&titc i a *> u < « 2 aJiUb©^ji 

[0 03 7] ±K3c*«D«*L 2A« 
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TB&TiJMq. Ca. Ba; S^TC^-eiiNd. Pr. Cel|©#± 
5i7tSi. Ti, Cr. W. Mi. Fe, Co. Ni, Cu : 3 BW.ft 
^"CttAI. Ga. In. Ti; 4 B]0OT5g-C«Ge, Sn. Pbrab 
-So Ctlf,©^, JcOSfaOC^TaSJiMq. Ca. W. F 
e, Co. Ni"C$>S„ 

[0038] nmtmQMi&jjtii 

i s/c«2 w±©siffl*4*ssi^wa^f*x(*^r^b^ 

^*>6ftS^ttrii>ft< £&SUfl#Ki:SH3ttfc£-£ 

io y:fc^-r-5 2^©i!{3i^i*©c»m^{c<fco 
sgit-rstitfrts. 

[0039] i )-£&tii.*zmis.-rzM.n cbp 

*>. sit. SiiH^Xli^JBiaifb^sgrtB*^^** 

fffcjgatti*, ^ajis*5ioo -c/#tU:£ ftz j: ^ k 

?fr£PL>Tig@3tt, Sit&e*JSi#W@S*3cB^JlP^{b 

So i£g-c<&fttf. ^Htt^fltis-rss-isw 

rat*X.*^IIKb^©H*lWHB. J: 0 lO-CJULhffit,* 
5„ M«a-fS«dlctt. «9«*«^a©mf£^©l>-r 

[0040] c©m i ©^ffi-c«. Birie^ss«5©jg@tc 
<t o . smmfisitt@&i*xii£mmt&®-c&ft < 
<t 4>gp^wfcsE s titc-&&tf£m? s. ^eaa^io 

o X./#«±i ttSftWc J: ♦) -a-s t , ^ < ©«f 

ffi-rs^©ffl«!:. §lt^*«Tffl^Sffl©£%6fet«*ffl 
£ftS. «H6. ±lB^©iS^«c«. SitBfiiiSi^WB 
30 ^«.X«^SW'fb^©fB©£"^ 6 fcMAjltoS^i & 
S. 

[004 1 ] *H*©^©ttfflJ[»tt-je"Ctt&l». 

ra(b^©tIi*^i^«:tTmL/. sitBisi^WH^X 
«^HP5{ b^5©tB*5Sfcffl«:M ;? 0 ^ -o fcffl^©^*i 

ft sitBtt*. f^*>e.«f ffl 0 fcsi^WH^XB^Hra^b 
■^©affflfttB (C©tB* s SitBi©ftS<!:ftSC£fefe 

S) fd>ft< ifcSP^wtcSHsn. sfc«-e©ttitcH 
xte&mNut&yxDmnmv $> stia. c ©*b*> 6 ft 

S^ < ©t*Mft*£S&*^»JtC^a L . *©tt»K«J&> 

p.^ffflftsi*B ccnt^Aitft?) ^s^airSo * 

CMS*. «Mftsitltt*siSWB»»XB*)llB{bd« 

<Dfa©*fc#.ftL/cffii^©^*jj#6nSo t-rti^fe 

»*BftSiffl&*ssi^*H^X»^RHIfb^«J 

©ta-c^ft < t fc^WK'aH ^ n/c^£ t,> 5ci*i 
-cifs. 

[0042] jgMIBDI4«. ^H«iftSSi^W@?g»3t 



C6) 

9 

4»©7g*4<d«*»c <t <o . mm^c^r^sitm^ 

ns^i&fli. *-©sifflt4**t»«£«>****. M 

*ttW»CDSltBtt**t»C 4#£l.>. Kit 

too43] ®Hiig*iioo *c/«*arc* i> t . tta 

[0044] SSi£S*5ioo x:/#«±Ktt*<fc9tt# 
CUT. 2lMHH££(r»9)&(/-at. SSiiftffi 

©^ffig, fist*. 3^ hm**mttM. ty-7ax 

[0 04 5] T h WX&ti. ^7hv-fXftiIft 
^6ft£#'*7 h WX^#*5*?3:L,C>. (,» 20 

[0046]Il(a) tt*'X7 h^-f X£©*tt*8« 

»HMfcBR:-eara>6*TC, tesrai^fcrt-Lrrhv.* 

X5f>i7iif«3tC?igTSn5. *>*ll|*J«jI?it:Ft£tt# 30 

xmBSucmctixistj. ^ufcrh^-rxts*©® 

[0047] 1Kb) fC^T«fc 5 (C, 5?>^Urtr«. 

«8B»»«i2©a«K:*f^r h v-rx^x;n3*iBa-r 

•5. 7 hWX*f*13b *. #^«#&^15«fc0^e«& 
gi4«:/M^r^X;H3(cfii^b. 174 LT^-TJ; 5 tc . 
-/X;H3Kt8W6nfc?L*fc»^ 'J v hl3a!&>e>. ?ST 
t>o*»«cWwr*HJSi**. **tt*tH*f;*i7©x* 

T Hv-<X»>^ii©TSIJ<fc , 3t9*JtK^IS (B 40 

[0048] iiX7 b -*4 Xffi"C^sRL/cl&*©*iS 
«. fflT*©®^^^^^!®^^©**^*--^* 

tt. m«3tf^©EE^»^. >Xi1/©?L*?t«^y h^C 
*3-M2»CfctJWB-C**. «Hi#X©x*;l/ 

=F-a«ia— raw*. #fimMSfc9©«»©«T*w 

EE*KJ:0«»r*«. so 
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[ 0 0 4 9 3 H2U. #d-;W3ft?ftjSfe©«B<DW*flt* 

K£trrS. »^»22tCtt. S-»4Sl^O 

-JU21©^ja8l^& SaWC^T 1 -* 
X;V23*iEB$*vct>4. yX;U23©?l 
<W^K«. flfflWWL-CfcJrHU 7L* 1 m*1titt2W& 
±lc&*<tci><DTt>J:<. JfcX'J? htt©fc©"CfcJ: 

i». mi > >^ •< » 2/ » 22©j£i# t . on*. Rgtce^s 

*RW* c t h «fc < ?f frft-cv s„ 
[0050] .-aftp-^itt. n-M9(caflww!>Nie« 
tt<ost»*m*»i». -e-©rtw©^»tcttjisaitt : s: 

cti(cR&c4«t<. flWBBW«:j&-afc*©'c*tufl* 

fcRBJESft&l.*. n-;L-©0^«rJSSrSfcJ*Cca-Jl' 
rtgPfc^sp**ii-rcit)JS*o©^£-c*s. *rcH« 
©@e«j"ca-;V2i©^aJ«:Ni. w. crgo&m-pmt 

[005 H ^<*D-;i/2ita^En25©^risjKiiiiK$-ti-c 
*$<„ a-jHHiP$©o— ^?fJ3©JljiK©®*a^© 
a*Jfflt>6hrt>**J. iimi xixr'-e xio" m /B>© 

$n^>4>©r«i&l,>35S. itSlOO— 600 mm©4>©**tb® 
400-^600™, U — )im&G Xia*— 1.3 X10» ra/f^*S 
[0 052] WfoZZs'Tl V ->;i22K:Bf«{>e>tt/cigi!§£ 

iJ^T 5 ^ 5»^a.yX;i/23*^b-C^n-ji/2i©ii-jaS|J 

[00 53] St^>S-©«®2K*SlJ0r*7?ffi«. «f«* 
I*. ^P-;V21©lllE3iK^aiaf>-7 :r ^ 9^*23* 

p>B^n -;l/2i~*a <'#{4^raS?c«3 ©^i©©« 
5. 

[0 054] «6tifc*»ffit— lK«:l?**s#S{cSSt> 
©r, (M. jjf-As*. s?*?» hs 

[ 0 0 5 5 ] HI 3 Ca) KB. HI£«fiBS©*»J4 OT. 7" 
7 X^H(E«ffi*«: <t 5^iPilS©«SH . C © 
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ftmm&mz. i>>><-3rcmt>ti. * + 

[0056] *t&32©1«jS©e!]«. 13 3 Cb) KtkT J: 5 
&C, IBS?©-/X.>1-321 <h^>y^-?->S?©mSS|J322 "C 

itES^na. -€-n-eft£&9i*324 r*&*pr££<t:5(c 

L-C*i<„ 7*7XvT-^^CD^sritt**^323 
*;r>«CDHSSP322 KWC^TJ: 5 

hik:^ $ stems. 3ov ©mwriss©^ x •? r - * 

[0057] c©ra. mmm32, 33£-f-n-e*a©fgs&tt 
35, 36te£zF^nt,cm&zhtcm'Mmm£&. 

^liS^CDfil^i^C i*5-C*. 51Sl*1000~5000 rpm 
g]gr&.2>#. 20,000 rpm©&©k&&. 
[0058] ffi*€*«33tt. f»3fcfbL,cfc5 t-rztffl 

©(B^riSCi^r-^, ttS30~50 mm ©£>©£ffl(,>5 
Ci^l,* itS:L20 mffigg©k©&*£. 
[0059] ^©33», ±BB©J: 5fC#6£Ufc:r^Xv 
T-^34JCJ:03yS*>6ll»^?§j»Sn, ^©HStetcf*-^ 
rHtfcbr. H?ft!g@L.. »*t«c*. Ht*Ofc»*tt 
? + >^-3i©TSBJ:*)^E[WlSjK:Bt»5tfi3n, f&3*3K 

[0060] ^*©g[Stt, 0-caffi33©@!S&te 

£ < L-J; 5 it«»^B. PSS33©leI^*^:# < Tti 

[0 o 6 l ] mi fDM-^t^^iiic j: o^fiR 

SMMb^ Nisi,«tei:tfNisi«t#^OfcttaK:fc 
S= C©0flr«. 3fB©t^-C^fcig@igS*iiSfl,>SitB*s 

«H«t»«:tttaL/-ciina«»jiSb. vifr&Kr&MisitBCDja 
etc. ^ta£sitB£©ras-CNisi, asjwj-rs. -e© 
m^temmt^sitmsi, <k©*s4sm tries 

rs. #**T h-?>fXSSfcttlsIgm^{Cj:«3©a5 
-ttfc99B6£tt?tt. H4{Cw-r«t9tC. NiSi,tB42r 
J SB£ft/cSif§&40#CNiS-i t + NiSi) tB4l#>£ft $v h 

1 ffl©tt^-+tclK»ffl©si«tt**rr4ttlt*J*-3C £ 

[0062] «flfJLfc<ir©ffifeffifcHl|-C* 
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n - Jb&r «¥^*iflA s i0M m«T<b ft £ C tfr$> 

*&. siWJ^DTc^oaffltcjr-^rti. jtmmttt 
WKDRio*)^ *s£v/&tcit&mmt-&®t-mt l c> 

io [006 3] .-gtf&lBSKJ: D4eRL-fc#^%i£JS{C(Bl; 

^#*9*ttr»&*iSThwxfc«> 

»**ttf*LT 5 
tc<fcf5||]5fir#S 0 

[0064] atiNmm*WBt,rS&L1t£t&WT- 

©^■rtv©B#^r?f-3rfcj;^„ jgt&sgnftt*. Me 
&n*mwm.t i»9ft^mffcttflWMrvfT ^ c tarn 
[006 5 ] MMynuot. -aHM4«fi£-r ssi#w^ 

^■TJ:5{C2«±*Sli^(C(i. «*i3Mr»i»5csi*W 

30 a^p>fij5cr#s ; 04©«^«Nisi t m vmtmm. 

ataxias <t o 2o*c«±®jar * 4. 
[0066] c©{^ma«. ^s*©«?^{cini^.r. 

fc6*«c«i«Hi*ifc L/ fct§^©sta©^{b©t»aa»^© 

[0067 ] &9im(Dim(D®m-CiZ. (Nisi, + HIS!) 
ffia>&&£^ h >; ©NiSi*i. &ttSiffl40©^l 

H©NiSi J ffi42*»P>Si©fife|i&*SWr. NiSi, ^is&f 
40 S. — 3Er. NiSi, ffl42K. C ©fti&(C J: 0 ^£5LT Z> Si 

4. B*S-T5sitB40*>6«l»Jiit». ^©ifS^. SifB40« 
jRffiLr^F^KS^/jNS < ft -5. (NiSi, + NTSi) ^41* 
©NiSi^rNiSi, CCia&Ofc&tt, ^fiflJvhV 

» *-^©Nisi, «t»arr *ttttsi«4(xo2 ta*>6ft * 

l?ftSitB«8E^ 0. J*tttWfcS©*3 ttSlffiBimrrft 
*XYV)\> YOSiCJn <0 . SitB©¥^©S«^t < ft 

5. ^tt^3|a&ttaKt4*WWftjHbM:at». 
[006 8] ^Mfflt*. f*AM«©Si*Btt4(W>¥i«il[a 

50 Ai40 /x m ft 1=- «fc 5 L fc&ttr ff 5 C £ tm 
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«fc*5fcig<&£4. 3T©Si1ltt©ttS#:**<tt»)T 

tk«. ft»2**i4tin»a3MiHsn«ci»*. 300 -oh 

JbWB* L/ < , 500 'C«Jb*iS ^>«cSf $ Ll». 8U8B1© 
ft«2l«IHSU:. »K4l#IHfcLL4-r*C4jWa*l, 

t»o 10 

[006 9] J^toSiCCj; 0 . siffltOWttii^ < 

£„ CftBBfi&LfcNiSia^NiSi, "^©Ite&KS-ilf ©Si 
ftsffi JtS titctcisbX-<b *. %ffigWR.t!8> * SitB©*g 

[0070] a$«b&cc £ 0 *mi(ofimmim& 

K&S©-C. ^4>©ai#rt*8l#l.rt»-C*>. l^a^L 20 

[007 1 ] (»jS#&2 )S^«XI*SltB**t» AAj6» 
6tt&tfcfc OUr. S1tB»3fc4l»9) ©StflSK. SiiH 
igftXti^fiSBflf b£*55 fiW 4 7C3?l£^if*ff4©tt« 
J»**fiSU *«r»T. f?T8aBi8ftX«£IKIHHb^B5©H 

**>=«7©siffitft*fls*u *<DjHHUrtan»*fl»t 30 

[0 07 2] CCD»2©^*rW. ^&®5C«fc0. Slffl 

»**©si*OT*»tca»i,T. *HMI©tm**si£W 
B8ftXtt£JMWt£4fttcSE{t L . a 7©siffltt**sift 

*i/c££$H^£f£-rS. C©J:9&tt-?-fc. 

[ 0 0 7 3 ] SitB»3fcW. Si£JS©*&3fcr Si 40 

J:9tt£&©0S4OTtt. CtxtcBtfcfi&C***. Ni-Si 
[0074] S1ffl»*©»tttt. *l»ft:Wfct»JBttJW» 

*4c4*s»*uc». m>ft&$>&k. ms<ttwanfi*i 

-K£c*nc<<,>. S<Btt-c&S4. *»fbt/K:<i,»u 
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«r*s. <trcfc. «iWJ©t&*an§6n£#x7 h 

[007 5] S1ffl»3fctt. Mft©#fc-C«j&bfc*£"e 

ttS#40Mm«iBit.«4. 3 7©stiltt*»*:*<fc0. 
JBHtc»JsS-r5AWIB<t^»©«Jl!*«S»#K: < < <0 . 

[007 6] siii^*«. #-fi^*>e>fts ! &s«& 

< . S»©ti^*iWit««ag{c J: 5 
ttK*9ttJ:i». t&^©ses*siowm«T-C*2.J: 
9&iitt»3i;©tte. *©* j*BKiMBf*»B*jB0ET 

Si, f&*©StC*fL.r^«»©7c3R©AfeaiSI^^ 
<&9*»L<ttl». *-©J:5&*B£\ SP#ffj 

iemm uxmsttwrz c i -c#sb©7c^©«^«& 
3f?©m££e< f s c 4*s-c* s. «£&*©»£». 

8£iffi^©¥iSeg#f40M metTt?* 4 C 4 * L/ 
[0 07 7] Sifflf»*©3IMCC. 5t£AHHfb«ifeXa 

B8#«&atJ- * c t *»r # * l «* fct* z «W±©3c 

* C«T, J*2©5E*4«,»S) *£tftm©«4tt»S 
**. CCttSJlM:. J|I2©7c*«*Hcsi*d«l/"C«,> 
Tfc<fc<. SfcSl4^JSIS^^jX«@?g<*'£:»jai/*: 
l»tt©5aRt4*C*<H*d*0 9*. m2©5£*©ft 
«©#£». y » + 4(,>ofcjt^fiWa. ifetJfJcy*- 
*JVTO-f>^tt CM«&) 4t»-3?cigJglW*tt©M*ifc 

[0078] JI2©7c3R*»6tt*(«HB©«tSB0.05~ 
10Mmgg#HSSLl>. 0.05Mm*SI©JS^B, 

frfejeasfisiaHW csi«wfywniffc^«»XBH« 

©/?**i/j>3 < & »j . Li£&ig - «war s^©fta 
^{b(c*f-r -5t6jSA 5 ^*K < < & o . me©-? a *jm» 

#/>s(5TT5. ^»Jl©Jl**5l0ym€rM^-5i t ft® 

?§f»w-c«> s sititt©«*s+upf micj>ix < % o . me© 

[0079] «#B©0s56a©^ ^ v m 
f C t fe?MBr***t. sf9^±ftiCii 

*c4«ffi8tfc#JB4flW-S©-C. MIMUv+S 

2©7C^tLT«. Ni. Co. Pd. Cu. Aa Au. Ft. Pb. 
Rh. *5«fci^Ru*4^tf€.n5. siffi»3E©£S;PM{Ut« 

d. Sn?f©^ 9 *WjSr!l ; &fliC> Set fc Item^^ * *©tt 

#14?rrsj± 3 -s •5©-c*S)!ir& So 

[008 0 ] ft #g£«!l£-f S^ 2 ©5E3R#U 5> * L tc 

< ti7C^-C4>Sti^B. Mfl&CCj:-or^2©7C* ; &Sita 

2 ©7cm©*&3fc (ST*B*&* 4 RI*©*ffirfRR-C # S ) 
*®S^-;U5;U-¥>8l^5^©iKx*^^-5^cc 
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[0 0 8 1 ] i*^KfflC^^2©7C^O^<D^te)iE4S 
«. Sitlt»*© s F^S«J: 1 3/h3<. t^xoumWfX 
bZCtifim&Ll,*. 10 u miMiSi. SitBt&*©3i 

lifettrt** (j , siJf ©SScft-r -5)^2 ©7c3t©:S©*i]-&# 
Jf»LT*?*L<&t,>. JS2©^t©*&*©¥*5&@© 
TKtt&KPg^jSft&l^ ^©^^©rS&Sr^It 

SitBf&*©fiK:*f L XW 2 ©7C5R©*&*©tf *St*10~ 
30%gK#&iFg IA>. 

[0 0 82] I^C«fc 9 tt*g£»r 182© 

7c^©ta*tc. m. mi<DTim<JM%.v> o.i~5 

Si 3 N. . TiC, TiBa , Al.Q,^?© 1 b< li2«JJLh 
©HZ7 5 **©ia*£<5MT*C «55 

tr^BS-r-St. ^ffltt©}<05fc$ft*#3i* *) » tf-f** 
[0083] W*Jl©^fi£^i OTtt. ASK. f&2 CD 

tttZftm. 3&2©^f&©^^*Si*Bt&*K&*J-rS 

[0084] ±j£Ulte J: 5 frjg^&^ft-CSitK&^CD* 
ffiCCfB2©7t^©tt*NS£^/&0ft:&, ^S^Jfe-T. 
t©$J!Mr£^£ftt»K&fc:<fc9. fl*ifcsitB»* 

[0085] FU^-tf . smffiJfc<D$MlCM<DMmMJ v 

*zML-cr*mmm*ftmL. xi,>xmmzm?t. 

[0086] C©&ffe©/ctf>©8l&gi©SKtt. i£ffcK 
ttJrOfiW titfJ: (r»*s". &^{t<£*s|93£|g|±©«3££ 

5c3R©l£SJt'&^4t)SiW^CiK:i3a[L.'C500 •CJ&Lkr 
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[0 08 7] sHB»**«reft»wi*3*rwsL-fe 
[008 8] t»ra>«g 

^ai#{c»ja»i©«ffi©KJS^jsccae-3r. 

[0 089] ±ts©is i *ittm2<oismc& 
•3rsa®L//c*^©fte*m©^*ic. a*&ts*ni 

20 fcStjtT* 5. 

[0 09 0li^i|tt/t», WDFWJyyitV-V 
, Ft*to (^'J^JU^^'M — h> . PTFE 

^A«©#N*^tt©«flt CffiU ^©ll^lifBfftcffi 
ffl-T-5?S5«tc^14©fc©). dfe^tccMCC*^*^^ 
^Hsjua-^) . FVAC#y tf-JUTJUa-Ji') ^©* 

30 [009 1] ii«Bi L-rtt. KsHttft C«. 

^7 iys) iJ^yf^H («. Ni) ©t>Tntffiffi 

•^©Jira«CLi-f^> i £eRji5^-SC4*5-C*S©-C 1 *m 
-fvvZXIbZ. 

[0 092] »«Ki«3i»m*E^f*a^. *»HK 
^S^&^e>&-5ft®tt*4«:*fur5wt%JW±. so 

wt%JitT©S-C^*W^=Sr«ffl-riC<!:*5« : SL^. C 

40 ©s^ 5 wt%*«tr tt+^^jsatt* ff-^T sci^t? 
^•r> soirt%4e^5<tms©sa* s fiTf 4. .tow 

SL/liffi^aW20wt%J&(±. 50wt%WTt , *S. 
[009 3] tt*J. C©^a©^»i OTT. ±IS©SSi* 

®BS«{c§&r&u-cfc«fc^. -e©J&&cc«. paaistc 

50 CC*J^.5aM8IXS«^] | 9gll/t, Affi»^B$tCtf^C 
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[0094] (M&*&B)*ftW!,mZft*nMW-X 

IflKttU -£©f£Tf&2©7ESt CSit^lSH'ffc^lX 

[0095] aP"^ . CCD^-C«. Si*§£&5fc£. ±12 £ 

?g£U [bL.TSffiSffiCC^fcU 3£*8U £ 10 

&CSitft&5|?©@€:J&J&-fS. ■?■©&. Si*lt93fc)IK:Jff2 
©7c2S*St?#f4©Jg&tt#;*i**. C ©*§•£, ft** 

l»£. i^"^SB»©i:i, site 

[009 6] j* ~j*'&KM%m*'i : i'jt, J 5>*{C«fc») 20 
»RR$ntef*#H«:si«»*+©si*iiaftl/-C. 
ttsi^H*ttXW^IWt^©«{cSMfc L- . SitBfi 

C#2©7c*©ttltlS&J&i!?rS:#i£) "cattWl/AAfl 1 

[0 09 7] Sitffl»*B©IP$«40Mmfe(TA*f t L 
t». 40jum L1*«tft • Scffl-r-SBR©Slffi& 

<o»IIBE^t{cJ:S««Mb*W±-c#«c< ftiCiWb 30 
tt»»©»3tto.05tfmJSLh. lflumJBnRWftfcl/ 

«,>„ o.i um^m-cusm^L^^r?>mmi) i A^<, 

* fclOM m^M^Si. si«©*Wl*fW(cjl»Oc < tt o 
TLi**»-«cttrt-*S«**d>ac<a:*. Sit§l&5fliai 
1 •©*-?». *ffi©J?3AS4>&<. ft®©SS*^JE 

[0 09 8] *««±KSlfB»5ft*ifcffil/r*»&tf* 
[0 0 9 9] gy<gjjgg££gjfc 

±fa©<fcMcoT$gi£3ttfcft«£JB<,>-t. i^fcswvr 

£&ftSl*. y * $ a w * >-ycSffe©fiffi*«4*j J: & 
nmtu-catm-c&z. fn. ssewKti. <&©#** so 
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[0100] #**»«n*«jtt«. m*m&t lx. 

ftfig. iES, -fe^U-*-, #*Si©mA?K££A,-CI,> 

[0101] y*£A4*>— &*?fe©iEffi«. Li^« 

j8g£l?|{b£$J©0l«. LiM,.xM'«Qi Sfct* LiM,M' v 
Q,(5£tp. 0^X. M iM'tS-e-n-enBa. Co, N 

i. Mn, Cr. Ti. V, Fe. Zn. AT, In. Sru Sc. Y©4> 
&<£<£> Iff) -ViriSti&itGQrCtoZ. {ML-, 3^ 

*m»fc#«3Rj|« 'J v- ; is*7l»imt-&V) ; Stt 

[0102] JEKfe. ±^U/cmS«|£f©SS*ffiAi 

-Sil^^-CSBg-Ct-S. jEStm©^^itiS« 1 ~ 
30/xm©ffiHrt!W35bt». iE®ffl©)fe«ffiJi L-T«fV 

l>. 

[0103] y ^-j A^*>^x«t©WB»*. -as 
to, y Affi*wts^Sic^e?3-a-/c 

Cia , LiBF, , Li AT CI < , LiPF, , LiAsF, , LiSbF, , LiB(C 
,H S ), LiCFjSQj , LiCHiSO, .Li (CF, Sft ),N, LiCFsSO,, 
LiCCF.SQ,), , LiG, LiBr, Lil, LiSCN, M^flHSSe* 

[0104] ffttgJ** L/T«. i?L->*-^^.- 
©^t^Kx^f-A-aix^JU^^JU^-sK^-h. y 

>S : 1.2-^ F 3->x £ >^©||«x - T-JUS : t V 
>®^©#a©#^P h >14jS«© 1 fife L> < 
r-^m-^btcmvib^ 4>r-fex^p>*-^>- b 

[0105] tt«E4>©^d«ms©ttft»tt(ciMn3n 
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frt>7&5. jlStt 0.2-2M©ggffl. *f«C 0.5--1.5 MCD 
ffimtfittft. IA>„ 

C0106] &wtJKJttt. -c«fc< . ® 

flrc * o r 4 J: t ». #M<«J5?Sii;fc«aM©IIf*®l?S 

ffift£t<!f;Wa]6*VCI,»<&. (fJ-Cfe. Li.SiO, , Li,SiO,-L 
il-LiCH, xLi 3 PQ,-c»-x> Li,Sia. Li,SiS, , Li, PC-Li, 

Mii/tii. m«> #'jifu>*+t-f f. io 

>. d<ijxfu>^7^ K, #y K-A'Tite-fr. 
'J 7 ? f k tr- y -r > . * y -v*U-:7 ju^- n :/n e u > 

[0107] #««nKB. ?c]5S«#tt«:«#-r^>S 
ft*?. fte©{k^4^)»-r5ci*5-c*€. 0 *>*>^k^ 
^JtU-C. h 'Jif*W7T K hyx5ry-;UT 

fyy>. ^y>fh'jrsF, xhn-^>-bf>^ 20 
[0 10 8] -fe^'U-$«, iEgtfiSt^m^WCCiffi 

±«c«c*ilnffL36i»*i/T. iglfi£*i*3 -ft 
■ok©**Sf£L(,>. 

[0109] iW#»SfS5ttii»*14*#ifiLr. -te-rcu 30 

/>'U-3r©flt*B— flatc«l0~300 umggt*S. 

[0 110] y ^^A^aOlgiLt, ^Mc«ME 
• ^S^fc^yv-W^IESiSlSfc 
^£tt Hz^U- *©*'.; v-K:k|5Hi©?M<mjS¥J??g 

• KHIStS-C. ®fe£«l*£L *:&©#&&. C 40 

<o&&<Dmwmmm*mL ■ wits*** y 4 

U > 4 ©ftffi^<*#if? $ LA\> 

[0111] &*nMw-x.mm<Dj&mmKMi&zti 
r. rissm. a 
us. «¥£!. m&&ib#m<D*mm<Disiti-c 
*&W(oft*mmw - ixmmi* . e * & kir & 

eia-ts*. nftesbm. >w*«./» f«*s» 
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[0112] *m*it%z%mtPrZtc\ l tt&mc%z> 

»r^c*»«. nfes^ff (Lissyg^s) tfsaftftg 
nvm^smx&ztcib. iggsr*&. Sfc, sitae 

<DSH€:Si^Wll?8ftXit#Jirafk^^©tB-caffi L 
x> stfmz&fmittcttVXftmt&cticjLi'). si 

[0113] 

[01 143 <mmmi>mm-rz>fimt&*> 

Pl8iteioiYt%^»i u r * y 7 ? *k tr x y ^ > «s» i> 
fc„ cosmic ^st&iL-ceefttm cr-fe^u> 

[0 115] CO^7y-*30/iin«CDm^5gK:^ 
rnn<0**Z<D#>?$ : m<<>Xn*>%i$b. #7k^- 

[01163 ±mnm<Dmmx<D&mz. zt®, &mm 

ICLi&mZm^tc. ^bs9>S3ffi^-bJU*ffl^-CI¥ffiU 
tc. W&mtLXte, x^U>*-s}<^- Yt^jt hi/ 

1 Mtss-c^jB s if ittrnzmm bfc. »jm«25"c-cfT 

*4«H*ffll>"C. #iSm©S.^-70-C!ig-C*^^ 
[01173 1/10^ (l0B#ia-C*l5S^C^Sj: 

^t^ft) ^MSo^ttJc^L/rmgcmfii^ ovk 
«c S * -C^tm^^l V PI 0 S^ffit?#HSg©Sa*JftS 

(ommmbx 2VK.t£z>$.xtb&*'n~?x. c©b#© 

teistti/fti. c©^tm-fem©-y-f yji'^oii 
u 300 •y^y^eofifc^ss^S'j^L-c. ^c*>6-y 

[01183 -y-/ ^;l/*^(?0 = (300WM'S©fiME§« 
/HWBOlSltfgl) xioo 
fiu 1 -y-^ ^^B©)i5cm^fit«. m 1 @@©^Si«rtf 

l,^. ^^-CfiSc^L./c<t#©S!5MSS*# < 5. */c. 300 

•y-r *jus©^^§si«, 300 ®a©3£«£m». & 

[01193 fefc. ±fB©S^^ffiB(Cfie-o-CKil§n 
tc%WDmmh. ±f2©3g^Hz;KCj:»3PJ<i(C|liSL/ 



21 



[0 120] 

[0121] %~r, ttmowmms. mmmaxsmm 
[0122] jgaagcoaij^ 

(#n-Jl/^ffi)ii:a20 mm ©S^SBSrSSIgi-e. 10 m 

oo rpmcoieiisia-ciHiK^tt. -e©?fjagaccAi- 4wt% 

<^£©*§SiMW£7iSTUril£B3tffc. JgB^*:^ 

$mm~c®m i> . fx-^-fh ©^xr - a Ra©^gi* * 



(12) ^2 00 0- 1 49 93 7 

22 

[0123] (#XT Y -7 A Xffi)40 kq/cm 1 ©EE#©Ar 
#X£#Xi»ffiyX;U£/rUTiBffl3-fci\ Al-4wi%Cu 

-C. SIBiJiifc,, £j&0/c<8B&^©gM«i8ig?Kj; 
0. #a-;k^&©^<t|i]aK®BiIg£!l'J:£L 

[0124] (@Smffi^)Al- 4wt%Cu^#©!^i4^ 
©^j£#fCj:»)i£220 mm ©mffi-fcfttSU CtliTS 
io -KWcSSsSLTsoo ipm ©Ulisjijg-cisJfteStf'C. £ 

[0125] itif&DfcaMC, -f >=f ? HS-CM^iS* 
IliiA/CJgB ;*#*:&©&, ±iBi|lI^©*i4-cSHa 

[0126] 
[*1 ] 



^4P^ 


(rc/m 


L m 




10 3 - 10= 






10 3 ~ 10 s 


m±. 




10 2 






30 


ami 



[o 1 2 7 ] $k.\tf>ht>tf>z>£*)ic. ma~-)u^m, 

loo -C/mj±^M^mmr:$>^ e tp-e-b. 
tei^rhW X^eBSfi^iooo-C/^tLhi 
< o fc. — -H. F i$©igBjlJgtt 30-C/ 

#-c* o . ioo *c/ti><fc 0 < & o fc. 
[0128] ft®*ffl©SiiS 

Ni-S2vrt%Si^#4fflCi-C. ^SffrSSl* 

©SJSffclBSbfc. 
[ 0 1 2 9 ] Mi : 48wt%, Si : 52wt%©ffifi£t!l^«:^S 

»^r-^«i/T. vn-mmmtis. 

[0130] »»«3ErtS-C#6*ifc»EWlO-»{C-3i,» 
T. T;l/^>#H^tt»-C900 'CX4B$ra©^il^To 



fc. Ni-52wt?«Si££©&B#K#T£i]L-caB1* : S:fltfi£ 
t Z>'S!ffc&&& -SNi - si#JHW{b^5©iM'&: t ©tiNi 
Si, t©NiSi, ©B*B&S&«993 'Cr**. 

[0131] •s^ffir^6nfc^#^©fSteaL'fc« 

tubs* <%m Lfcm^tismm-) ©#rffi* s e m-cpi 
»;?*xj&snisi, fi-e**K -ec^tcNisiti-caffiS 

ft. Sfcli j aH$tl-Ci,>3tcl,»SitB&*3#?£-r*^€:W 
40 L"CI,»fc. C© 3 7 ©SitB&©¥*3&& ££{*•?©*£ 

ftbfcioo fB©¥$<8) {Ct^^fctgm*. MWSXSfc 
^i-^CC*2tC*T. 

[0132] 

[*2] 



(13) 
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nyasoooicx 4hr) 










(X) 






(X) 








^* 




vt% 




A3 


Wt% 






750 


90 


7 


6 


950 


88 


1 


10 






750 


90 


12 


6 


950 


89 


1 


10 






760 


80 


22 


6 


950 


81 


2 


10 






740 


68 


52 


6 


950 


48 


51 


10 





'Sfcm&S : JgftttiiAh/cc ; 'SMS&© <*m wt%litt*44"&Sfl%<> 

[o i 3 5] mmmmtmmz&tttztm-rzt^ ® 

fitt^©*$l,>igll£ $#©##. feHgS#*>& 0 ft 

-9-4 »ji4hM*. sitae© 

[0136] 

immm2 ] Ni- 52wt%Si£^£flil>TSIt60d 1 tClEiB 

3 

[0137] 
C*3] 



[0133] *«wtcfie-9-c. iSBiie ioo-c/#fei± 

r Siti&CD^l^ea 2 5 m m«T & ft fc©CC*f 0 , 

&^©¥BD&&tt30«m-C&3. S£-?-C. #»0I«|-e 
«. Si*B&© W&S#£:^^©¥Sj&&<fc 0 5 1 > 

/c. tbKeirtt, SitB&<D¥*3&&©:6#i^ti 

s tit i » a si f a&# ^s*ms o /t. 

[0134] fisCiOfeMlSt. Jt@©StHSS 





fmAh/cc) 








900 


750 


90 


12 




800 


745 


90 


8 




700 


745 


90 


3 




600 


740 


92 


2 






950 


89 


1 




985 


750 


69 


53 





[0 1 3 8 ] Wk.Stem-f&'ilc, mmU&fiK Ni-52 

wt% si££©itlil* ic£j&? & ^m^^m ^t-^-e* 

W)-C«> Sifafe©¥^lSiFS«40MmWT«Ci<!:S»P. V 
MAffiK: <fc -5 Sif Bfi©J£g^Sit8©©¥^fi&#40 



[0139] 

«5C L-r . M*4©Ni - Si^©«fS(Si©vrt^ -C^-T) 
/cWSr^SLT (900 •CX4^!B©«1*2!S***6 > Ri^ 

sifaa©¥^a*j^o'fifgf3tiiiSm*a4 tc^r. 

[0140] 
[«4] 



50 



(14) 



25 



2000-149937 
26 





mm 

§1* 


(<rt!6) 


(raAh/cc) 








52 




6 


750 


90 


12 






10 


950 


87 


1.0 


54 




10 


820 


88 


13 


t . -»wv rrt-r rfysr 




17 


1035 


84 


1.5 


56 




14 


950 


83 


12 




as 


18.2 


1200 


80 


2.0 


58 




18 


1180 


81 


12 






22 


1495 


80 


2.3 




450 


80 




tmmm 



[01411^4 Kmt <fc 5 ft. ^Mil^Jfe©W»«C/5> s 

ra-r&fltft^&s. £tc isjcs-is-e&nw:. mum* 

[0 14 2] * 



ffiK. L/ 1 . Ni - 52wt% Si-^fe© Ni ©— SB* ffe©7C^"Cg 

[0143] 
[»5] 





a&ftS(85(n:x 8hr) 








St* 


(X) 




mm 


(X) 




ffi*S 




&m 


urn 


vt% 






*t% 




Ni-52Si 


750 


90 


12 


6 


950 


89 


1 


10 




Ni-5Fe-52Si 


755 


92 


12 


6 


955 


90 


2 


10 


[s]± 


Ni-SCo-52Si 


750 


94 


12 


6 


950 


93 


3 


10 


m± 


Ni-5Mn-52Si 


740 


91 


10 


6 


940 


91 


2 


10 


m± 


Ni-5Cr-52Si 


740 


93 


11 


6 


940 


90 


1 


10 


m± 


Ni-5Cu-52Si 


750 


92 


12 


6 


950 


94 


1 


10 





'i&m^fi : IMSttmAh/cc ; 



[0 14 4] 3j5{C*S(,>T. Ni-5Fe-52Si«43 
wt53^i-5wt!8Fe-52wt3Si-^-C*)^{: < h5:7nL/> Fe{i. # 

@^L-CC^„ Co> Mn, Cr. Cut. Fe<t IsHtKc^Sfrf 

[ 0 1 4 5 ] a 5 icmrj: *> ic, %mmmi&»-e$> 



[0146] 

[?yfe0!l5] *J6^llK:IB«5t/c^Thv^XSi|sI 



(15) 
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*©«B*«:£jiW *£R«c&KIBHt£*!±-*©ia*B* * [0147] 





I 


2 
















2 


s 


Gl! 


2 




Si 


m 


cx> 
CO 


s 


OS 
oo 


oo 
oo 


CM 
OS 


OS 


oo 
oo 


LO 

oo 






C— 

oo 


cS 




































III 


1 


u 
u 


co 

CO 
CO 


CO 
D— 

co 

1—1 


CO 

LTD 
OS 


oo 


OS 
OS 


co 

S3 


CO 

Si 


<=> 

LO 

c— 


CO 
LO 

c— 


CO 
OO 


CO 

c— 
CO 


co 

LO 

co 
1—1 


CO 
CM 

oo 


H 
































co pt 


CO 


CM 


1 


CM 


CO 


CO 


CO 


CM 


CM 


CO 


CO 


CM 


CO 




S£ 


S 45 


O) 


os 


co 

OS 


OS 
OO 


CO 

oo 


t— 
oo 


CO 

oo 


LO 
CO 


ss 

OO 


t— 
oo 


OO 


oo 


oo 






8 


c- 

fe- 
US 


oo 
o» 
oo 


s 


CO 


s 

CO 


co 

CM 
CO 


CO 
C— 


t— 

OO 
LO 


LO 
OO 
LO 


oo 
t— 
to 


-^r 

OS 


LO 

CO 

oo 


CM 
CO 
































































i 


col 


CM 


i — i 


cm 


c— 


oo 


CO 


LO 


CO 






CO 




CO 
i-H 






co 


co 

OS 


co 

OS 


co 
o 


CD 
CO 
CM 


o 
o 

1-* 


CO 

oo 

CM 


CO 
CO 
ri 


s 

1—1 


s 


§ 

CO 


CO 


CO 

■^r 

CO 






























i-H 




I 


8 


CO 
25 


ti- 


3 


CO 1 


CO 


a- 


s 




s 


5 






CO 
OS 


CO 
CO 

co 


CO 
OS 
OS 


er— 
CO 
OS 


Os 

CM 
r-H 


8 

i-H 


co 

CO 

S3 


CM 
1—1 


c— 
os 
1—1 
1—1 


CO 
CO 

S3 


CM 
CO 

oo 


LO 
CO 
CO 

1— t 


s 

CO 

«— 1 


§1 


CO 
1— 1 

2 


<S 


13 

LO 


§3 

CO 


S3 

2 


S3 

LO 


CO 


1X3 


i 


8 

s 


a 


s 


S3 



29 

LO 

St 

•iH 

3 



a 



15 

G 

-r-t 
CO 



[0148] «e kswio . sii&«mfc^*xttH 

[0149] 

[SB»«6] #aB«Wtt. ±B30Wt*tt2 (tf»JB« 



[0 1 5 0 ] CD TJ\sdr>#ZT hv^XSCCj: Off 6 
0 "Cx4«fB©JftffilI*tTor, Wtta32um©*4 

50 W t J|iS0!llfeJ:^a5CC^O^<fc^OC983 - cr*s© 



(16) 

29 

x\ nmmaxit, c©Hta^K<fc9io-cJiLt<s*>-? 

tc. 

[0 1 5 1 ] (2) ^Ht0«K^7 hv-fX£ 
¥£>&ai ym©Ni«&3fc£tt§i*-fe!\ f>^liH« 

sM6)K<Dmm*'sm-$-z>mzmi um©Nisi, 
[o i 5 2 ] o) u-zs-ffri tmuictfxr \--?jxm io 

•Cftmotc. {t^fifiS*Sfiait-CMi : Si=20: 80©££ 
&C$BS|g- v^rJl/y 9 J¥ Sift 1 MmONi^^ 

®fiWm*-9->^JU3 it*. 
[0153] (4) -tf->^OH <tPJ8S«:#XT hv-YX^ 
Ttfe«L.fc¥«rtaa*\J30y m©Si*&3fi&, i£m#-;U 5 
A (7 ? ^tt$?P-5)ic «fc 0 . spi^&g l u m<OH-m 20 
^«:ffl3feti6aiiS<D¥i^aS0.6 m m©TiC lwt% 
S£L,fciI^«j5fc£Jfll,>-C\ loB#|ffl©M«?£#yi£m>, 

#x#B$i<f-C7oo Tcx4*«B©iMaa*ff-5-c» 

[0 154] «Myi«<D'9'>^4<!)fB3f(CD|»rB«^ 
MSMRTttff Lfci C5. Si«9^©*S(C«fj 1 y m J¥© 

Nisi, ta*>6ac*aH»3&«jB«snri>« c 

fc. SfcNiSi, tB4JfC«o.l /im«T©SMfflftTiC *ffcU 
*SW&-CS7fc. CNiSi,fB«EFW\#flT©Ni. Si©S£b#>6 30 

SHE. ^JfflWtB^liEPmcD^e-ASiO/hSt^-f 
Xt?*5*s. ^.-rTiiC*^Hi-C#-5,Ci^fE)TiC i«6 

tic m>&mm*®.m ofcusttsaa^ o *s <^t 

* Cl^&^**gaiL-ro.6 MmiCft-,TI,>54>©) *s 

ens. 

[0 15 5] (5) -y->7 , Jl/4i|5]#fC0r > TiC ©ftfe 
"3(c. fn^f4*SSI*il©^t4S0.27ym<3?sic 40 

[0156] (6) IkWKDtclblC. Ni-80rt%St&&*-Y 
h&?ftlt(s. ArtfX^fflfWCVOO *CX8B$W 

(omamzmotc. f#en/t^5*. sitB©-7 h »; 9 * 

XcjHCNiSi, tB#tfUiLT<,>£ffllSi£l3K>*>©-e*.5. 

Nisi, ta«ffl^:r«>ofc. co-f>=r» h*^R§tt 
*HiEW»"CtM*U ¥^&&#ift32Mm&c&.2>cfc5CC# 
*8l.-C*&3f;£lifc. NiSita*sffl^-C*6fc*. *&3fc©ffl 
M\t. sitB©-&©£>©, sitBiNisi, tB#*«:#£-f 2> so 



»i2000- 149937 
30 

*>©*>«tci : Nisi 1 ta©&©fc©<t#^*i^ni?aEi<-tt,> 

tc. C©Ni-Si^#t&;fr&1J->:^l/6£-f 2>. 
[ 0 1 5 7 ] (7) 1f>:7Vl>6 ilSJ^CCffKLfc, 
S30ym©Ni-8Ovt%Si^(D'('>d'i' h^tc. tf> 
1 tmi&DteMfg- v T>\>* v +(CJ: D l*M 

15. *<D»*©*HBfcNiS1, *fct*NiSfH**trtaHtt 
*«3ntl,>fc„ nTOSitBKEONiSi, fB«. 

jite&Rtttcffi*-?*-^. c©££8HP©t&* 

!&g32nm) *t>->f*7 ttS, 
[0158] D->7'JV 1 fct,>L< 7 ©££*a^R:t{SJftfc¥ 
*3&Sttifc32Mmt\ {b^ffl^Si, *>^JH. 2. 4 
~6 liNi : Si = 20 : 80> 3 . 7 liNi : Si = 36 : 



[0159] 
[«7] 



No. 


fmAh/bc) 






1 


1950 


90 




2 


1950 


83 




3 


1350 


90 


! HLfc 


4 


1930 


92 


! m±~ 


5 


1920 


92 




6 


1940 


25 


mm 


7 


1340 


85 





[0160] muc^Tz^tc. «sm^a©A#3««i 

*asi©wt%(CJ:9^l5i3. si$*fi©^t»tf->^H . 
2. 4-6 0ttttg»#W <&-?*:. Sffi«4 

^*5i&ofc. *^ia«:fie-=-csitB«i© 

liUziS»t?a6^/t. ^K, fiBWKTlC . Sic 
ffl»»3-&fclr->^;i'4. 5»*«>IUF«c-!f-'f^JiM 

[0161] 

CSI!iiC?fl7 ] jHtHeo^^HilWKUt. Si«9 
iKJcO, SitBfi^NiSi, WcglHSiMt^tt^**^ 
«©«Bt*SE{bS-S"C. > ?*J*3£a*K*.ft:. C© 

ftSt^^4©ft@^^n ; &^fo/c^gm* 1 sitBfe©ssJ:b© 

*S»i*K«8CCmt. tt*>\ Sit3K©fiSJ±tI. Mffi 
^S^tc cfc 0 sitB^© A» SffiSlb*«')S 0 . &f a©tt 



(17) 
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fc„ * [ft8] 



(^m.) 


Sit 

(mm) 


CmAh/cc) 


V)\> 

4 




0.1 


98 


2800 


80 




0.15 


94 


2600 


80 




0.8 


72 


2200 


80 




1.5 


50 


1700 


85 




3.5 


45 


1600 


85 





[0 1 6 3] mSiCmt^^ic, §mif&2*:m^2> 



[0165] 

&MSfigfc<fctfSi^©¥*3&&<2:-$tK:R 
9{C7nf. C©*§£©SitB&©SSJttt. H*i©0!|-C& 
20 it^sowft^fiboft:. 
[01663 
[«9] 





ft (Mm) 


(mAh/oc) 


(%) 




985 










830 


27 


1950 


92 




700 


26 


1950 


90 


PJJb 


600 


20 


1940 


90 


m± 


500 


15 


1940 


88 


m± 



[oi67] jtttfroJNu&a&ttu:. @^BSs?ae993 -c 

[0168] 40 
[Sltt«9]HB*«7i|5I*{CUr. ThWXjfcKJ: 



5R©^?*JS3*-e©JtSKj£fcTiSSSLfc. c©*s 
«H»©tt*fc»«rsvr. 

[0169] 

[gio] 




C18) ^200 0- 1 49 937 

33 34 



5n % 


[El tew 

as 


MSI 1 

OC) 


\m\vdw. 

rn.rn.oy 
a fit 


(mAh/cc) 


(%) 


m n 


Mg 


946 


700 


HgSi, 


1700 


90 




Ca 


1030 


800 


CaSit 


1700 


90 


mi: 


Fe 


937 


700 


FeSi, 


1680 


85 


m± 


Co 


1259 


950 


CoSi, 


1690 


85 


m± 


Hi 


993 


700 


NiSi, 


1700 


90 


|B|± 


In 


1150 


900 


Mn.Si, 


1690 


87 


H± 


Ti 


1330 


950 


TLSi. 


1700 


84 


n± 


! Pr 


1212 


950 


PrSi, 


1680 


85 


m± 


Nd 


1197 


950 


NdSi 2 


1700 


83 


m±. 


Ce 


1200 


950 


CeSi, 


1700 


84 


m± 


Cu 


802 


600 


CuSij 


1700 


84 


m± 


Cr 


1305 


950 


CrSi, 


1700 


80 


m± 


W 


1390 


1000 


WSi, 


1700 


80 


ra± 


*A1 


577 


500 


Al 


1850 


80 


h± 


*Pb 


328 


300 


Pb 


1840 


80 


ra± 


KM* 








450 


80 





* i£SJikl;Al-Siirt:ttPb-Si<D@ig{* 



[0 1 7 0 ] SUoK^rT <*:*>«:. >-^(c4:flML/fc 
[0 17 1] 

[Hi&m o] ^mmmt., w&mBicxznmvm 



[0172] CCDSil&JfcJlK:. •? 

[0173] c s LTfi^ftfcftgcoteeB*, fraii/ 
fci«raiKiM&ofc©±isi*K: smjzwvmjz 

[0174] 

[*1 1 ] 



(19) ^200 0- 1 49 9 3 7 



35 36 





ism 




CC) 


fralh/cc) 


ji J HtT A. 

C%) 


m ^ 


Ni 


mmm 


993 


700 


1700 


85 




Fe 


« m 


937 


700 


1680 


80 


m± 


Co 




1259 


950 


1700 


85 


P!-h 


Mn 


m m 


1150 


900 


1690 


82 


m± 


Ti 


m ± 


1330 


950 


1700 


80 


m± 


Pr 


m .t 


1212 


950 


1690 


80 


m± 


Nd 


m _t 


1197 


950 


1710 


80 


m± 


Ce 




1200 


950 


1700 


80 


m± 


Cu 




802 


600 


1680 


80 




Cr 




1305 


950 


1690 


80 






450 


80 


ttmmm 



[0 1 7 5 ] ^lliC^fcfc^OC. 
[0176] 

Mq, Ca. Co. FeZtclZWfrhteZttmmZMmMS 
[O 1 7 7 ] H5K. ^Jtetf!ltm>fcR«^M<fIfl¥ 

g~ y -Jr * y - F 6aj5i? I # Hi 3 tiXMr&ir - X 1 ©Jgg|3 

Ksat$nr^5. 8tt^M';>y-c. &«sh©±t 

[0 17 8] iE*®tE5U:. ^©«fc^{CLT^$3U/c„ $ 

c©st^££3n#BmTfc*H>r, 900 -c-c-je^K 

J&/£DTiE&r§^Mr&&LiCoQ,£f#fc. CtOLiCoQ,© 



<D^— h im 3 0.020 mnUDTJl- 5 ?S©M®fC^#t-, 
0.130 mm. lfl35mm. S3 270 irniOiESS5 £ 

[0179] ^teewftisi&ij^wjio Ute 
#a 9 Kmc -atm l h n zsmmiM m 

CD^*U. ?£i*?£JPS0.2 mm. $§370111. SS300 mm©ft 

[0180] ±IB<DJ: *>tcvcVtMMc3E&mtn&m 
=£. izJil>--*iZftL~a&mVi!<cm®b, itSl3.8niii. 
^3 50nni©«&^-^rt{ClRj^Lfc„ HfiSStWig^x 
*b>tl%mx.?)\'S?to(Dmmm&i8MlZ> LiPF, 

& i M^g-c?s« b tcimzmm u . @«s* 4 (c&a l 

/cia, ^ilfc^PL/. S^mHfeA-F (j<7+7cf(« 

n-enNi. ^. ca. Fe. co. w) *ffi3L-/c„ msw^ 
[0181] cn6©®fe4, jtfemm^ioo mKVfim. 

(c. 500 ■9--( r ^;M*®]6ScS^a<lril'J^^. iif>f^jua 

[0182] cnecD®fecDi ^juao^ii. am 
ss*j <fc 500 y a 2 M%.<ow&mm. b<t4t frmtit * 
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[0 18 3] * * [*1 2] 











5oo wm 




m 


A 


Ni 


945 


900 


834 


93 




B 


Mr 


923 


879 


791 


90 


C 


Ca 


935 


890 


810 


91 


D 


Fe 


820 


780 


679 
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